As a typical lacustrine shale in China, the Chang 7 shale in the Yanchang Formation of the Ordos basin shows great potential for development. Buried less than 2000 m deep, the shale is always characterized as a tight reservoir with well-developed bedding and cracks. Many studies have been performed on Chang 7 shale to determine its depositional systems, mineral compositions, and fracability. The fracability studies are particularly significant for developing lacustrine shale gas in the Ordos basin. This paper evaluates the fracability of Chang 7 shale and presents our discoveries regarding the brittle mineral content and rock mechanics parameters. First, a new mineralogical evaluation method was used to determine that the average brittleness index for Chang 7 shale was 39.5 percent. This benefits complex fracture network formation. Second, important rock mechanics parameters were obtained for Chang 7 shale via triaxial compression tests, Brazil splitting experiments, and Kaiser experiments. The Rickman brittleness index was 39.31%, the differential horizontal stress was 3.509 MPa, and the differential horizontal stress ratio was 0.133. The experimental results indicate that fractures extend along natural cracks and can easily form complex fracture networks during SRV fracturing in Chang 7. The field microseismic monitoring results indicate that the shale did form fracture networks after hydraulic fracturing were also verified, which is consistent with the experimental results given in this paper.
INTRODUCTION
The Ordos basin developed a thick lacustrine shale in the Yanchang formation that exhibits favorable geological conditions, high gas content, and great exploration and developmental potential. The fracability is not only a reservoir characteristic, but also an indicator evaluating fracturing. This value closely relates to the extendibility of hydraulic fractures and the maximum reservoir reconstruction level (Chen et al., 2010; Yin et al., 2010; Zhu et al., 2010) . Compared to marine shale in North America, the lacustrine Chang 7 shale of the Ordos basin has a lower quartz content and higher feldspar and clay contents. These clays are significantly different (Luo et al., 2013; SiMa et al., 2013; Wu et al., 2014) . Therefore, based on the fracability evaluation methods for marine shale, this paper evaluated the fracability of lacustrine shale via integrated mineralogical composition and rock mechanics parameter analyses. First, this paper evaluated the fracability using the brittle mineral content. The mineral composition profile was first obtained by analyzing the Chang 7 shale mineral compositions and their effect on rock brittleness. The fracability was then evaluated from a mineralogical perspective. Second, this paper evaluated the fracability based on the rock mechanics parameters. The shale mechanics parameter distribution was analyzed using a cross plot of the shale strength, stress, Yang's module and Poisson's ratio. The results allowed for the prediction of variation in shale brittleness with depth. Finally, the fracability of Chang 7 shale was quantified.
GEOLOGICAL CHARACTERISTICS OF THE TARGET STRATUM
The study area is located in the Yi Shan brae of the Ordos basin, which has an area of 2367.5 Km 2 . Chang 7 and Chang 9 of the Triassic Yanchang Formation are the main sources in the area. Chang 7 mainly developed 1200-1800 m deep and 30-60 m thick deep-semi-deep lacustrine black shale and exhibits a stable distribution and good continuity throughout the basin. Therefore, it is a typical lacustrine shale gas reservoir (Zhang et al., 2013) .
Chang 7 is rich in black and gray-black shale, argillaceous siltstone and siltstone. Of these, the quartz content averages 22.2%, and the clay mineral averages 45.4%. The clay minerals consist of 52.4% I/S mixed layer mineral (Table 1) . They also All of these factors greatly improve the shale reservoir performance. Based on the mineral composition, such formations with highly brittle minerals easily generate natural cracks. The higher the brittle mineral content in the formation, the better the shale reservoir will respond to the hydraulic fracturing process.
THE EVALUATION OF LACUSTRINE SHALE FRACABILITY
Currently, domestic and foreign scholars determine the brittleness index of a shale reservoir using different mathematical evaluation methods based on the shale mineralogical composition and mechanics parameters to evaluate the reservoir fracability. Therefore, plenty of references to evaluate the shale fracability of the Ordos basin exist. This paper evaluates the lacustrine shale fracability based on the brittle mineral content and rock mechanics parameters.
3.1. The fracability of the lacustrine shale brittle mineral content 3.1.1. The mineral composition distribution According to field geological surveys, Chang 7 shale is extensively exposed and quite thick. It is dominated by organic-rich black shale and interbedded with argillaceous siltstone and silty shale (Fig. 1 ). The lacustrine shale mineral components, such as quartz, feldspar, calcite, dolomite, pyrite, siderite, clay mineral and so on, can be determined for Chang 7 using X-ray diffraction analysis ( Table 2 ). The results indicate the content averages 45.4% clay, 22.2% quartz, 17.8% feldspar, 2.6% calcite, and 4.7% dolomite. Therefore, Chang 7 shale in the Yanchang Formation contains less quartz, more clay mineral, and less carbonate than traditional marine shale, which is typical of lacustrine basins. The statistics analysis of the experimental data indicates the Chang 7 mineral composition varies with depth ( initially decreases with depth before gradually increasing. The quartz and brittle mineral exhibited no trends. Differing mineral compositions play different roles in forming networks during hydraulic fracturing. Determining the mineral composition distribution can help determine the optimum perforation positions before SRV fracturing. As shown in Figure 2 , the sections at 1311~1313 m, 1330~1335 m and 1352~1357 m exhibit the best fracability and have advantages over other sections for perforation.
The mineralogical brittleness index evaluation
The earliest mineralogical evaluation of the shale brittleness index only accounted for the quartz content (Jarvie et al., 2007) . Afterwards, the quartz and dolomite content were both accounted for (Wang et al., 2008; Gale et al., 2008) . Later, siliceous minerals were also accounted for (Gu et al., 2010) . These authors proposed that feldspar, mica and carbonate minerals were more brittle than clay. Brittleness index evaluation methods B1~B4 (Table 2) were proposed based on conventional sandstone reservoir or marine shale reservoir characteristics. For instance, formula B2 was proposed by Sondergeld based on North American marine shale having a higher quartz content and lower feldspar and carbonate minerals contents (Sondergeld et al., 2010) . However, the quartz content is lower and feldspar content is higher for lacustrine shale in the Ordos basin. Therefore, this paper proposed a new mineralogical method, B5, to evaluate the lacustrine shale brittleness based on the mineral composition characteristics ( Table 2 ). The total quartz, plagioclase and calcite contents indicate the total brittle mineral content. After applying the mineral composition data from the Chang 7 lacustrine shale to formula B5, we determined brittleness index B5 ranged from 21%~58% and averaged 39%. Therefore, we believe lacustrine shale exhibits good brittleness and is suitable for fracturing operations.
Fracability evaluation using rock mechanics parameters
The shale mechanics parameters for Yanye 22 were obtained via triaxial, Kaiser, and Splitting tests. These parameters were the Young's modulus, Poisson's ratio, compressive strength, tensile strength, and ground stress as shown in Table 3 and were significant for fracture network formation. A comprehensive study on the rock mechanics and brittleness index is necessary because of the complexity of the Lacustrine shale reservoir. Table 3 . Triaxial test data for the continental shale sample.
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Fracability evaluation of lacustrine shale in the Yanchang Formation of Southeastern Ordos Basin
The relationship between fracability and Young's modulus-Poisson's ratio
Sondergeld believed that SRV fracturing is benefited by a Young's modulus above 24 GPa and Poisson's ratio below 0.25. Table 3 indicates the Young's modulus was a bit less than 24 GPa, while the Poisson's ratio is a bit less than 0.25. Therefore, SRV fracturing is feasible. In addition, Rickman proposed the brittleness index could be calculated from Young's modulus and Poisson's ratio (Formula 1). Based on formula 1, the BRIT value for Chang 7 shale was between 26% and 63% with an average of 39.5. According to Rickman's theory, the rock is fragile when the BRIT value is above 40%. Therefore, lacustrine Chang 7 shale is fragile and suitable for fracturing (Rickman et al, 2008) .
Y=(Yc-1)/(8-1)*100 P=(Pc-0.4)/(0.15-0.4)*100 (Formula 1) Brit=( Y + P)/2
In Formula 1, Y c is the static Young's Modulus, 10 4 MPa; P c is Poisson's ratio; Y is the brittleness calculated from the Young's modulus; P is the brittleness calculated from Poisson's ratio; and Brit is the shale brittleness.
Finally, the rock ductility can also be evaluated from the crossplot of Young's modulus and Poisson's ratio. Figure 3 shows both brittle and ductile shale rocks developed within Chang 7, and the brittle sections will be preferred for perforation and fracturing.
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Figure 3. Cross plot of Young's modulus and Poisson's ratio for Chang 7 Lacustrine Shale.
The relationship of fracability to differential horizontal stress
Differential horizontal stress is a key factor in fracturing and determines whether we apply SRV fracturing to a shale formation. The differential horizontal stress for Lacustrine shale can be obtained via the Kaiser test (Table 4) . Sondergeld believed a discrepancy below 13.8 MPa was conducive to fracture network formation (Sondergeld et al., 2010) . Beugelsdijk introduced a discrepancy coefficient (Kh) and believed fractures extend along natural cracks when Kh<0.25 (eq. 2). According to eq.
2, the differential horizontal stress for Chang 7 is 3.509 MPa, much less than the 13.8 MPa proposed by Sondergeld (Sondergeld et al., 2010) , which benefits fracture network formation. The Kh factor for Chang 7 was 0.133, which is below the 0.25 proposed by Beugulsdijk; therefore, hydraulic fractures will extend along natural cracks.
( 2) σH is the maximum horizontal stress and σh is the minimum horizontal stress. Table 4 . Kaiser test data for continental shale.
Fracability evaluation of lacustrine shale in the Yanchang Formation of Southeastern Ordos Basin
The relationship between fracability, compressive strength and tensile strength
Goktan proposed a method to calculate the brittleness index (eq. 3) and graded rock brittleness according to this index (Goktan et al., 2005) . Statistics indicate the average compressive strength for Chang 7 shale was 86.9 MPa with a 10 MPa confining pressure. The average tensile strength for Chang 7 shale is 2.11 MPa based on the Splitting test (Table 5 ). According to eq. 3, the brittleness index, BI, for Chang 7 shale is 41.1. According to the grading standard proposed by Gokan (Table 6 ), the Chang 7 shale exhibits a brittleness that is suitable for fracturing.
In eq.3, σc is the compressive strength, and σt is the tensile strength.
In conclusion, the rock mechanics and mineral analyses mentioned above indicates Chang 7 shale is brittle and conducive to fracture network formation. Therefore, the brittle parts chosen as the "sweet area" for SRV fracturing are preferred for perforation. 
THE ON-SITE VERIFICATION
Yanye Well X is located in the southern part of the Ordos basin. The well is 1675 m deep, and the target layer is Chang 7. Wire line perforating was used. A large discharge capacity, low sand ratio and active water were used during fracturing. The logging interpretation for Chang 7 shale indicates Young's modulus ranged from 19.2604 GPa to 27.2418 GPa, and Poisson's ratio was slightly below 2.5. Furthermore, the minimum horizontal stress was 26.385 MPa, while the maximum horizontal stress was 29.865 MPa. Additionally, the calculated differential horizontal stress was 3.48 MPa for Yanye Well X. Therefore, the reservoir rock is characterized by a high Young's modulus and low Poisson's ratio. These results were verified by the on-site performance and Yanye well X was fractured using 60 m 3 of sand and 1500 m 3 of liquid. The curves shown in Figure 7 indicate the discharge remained steady with sand steadily being added as a plug. The operating pressure was low with and averaged 14.0 MPa for the sand adding process. The operation went well (Fig. 4) .
During hydraulic fracturing in Yanye well X, the fracture network development was micro seismically monitored. The results indicate complex fractures formed in Yanye Well X after hydraulic fracturing, which is the expected SRV fracturing effect (Fig. 5) . Using a new mineralogical method for evaluating lacustrine shale brittleness, this paper found that the Chang 7 shale brittleness index ranged from 21% to 58% and averaged 39%. Therefore, the reservoir is conducive to hydraulic fracturing exploitation due to its brittleness. After comprehensively evaluating the brittleness index, the brittle mineral content and clay mineral content, depths of 1311~1313 m, 1330~1335 m, 1352~1357 m exhibited the best fracability and can be selected for perforation.
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2.
This paper determined the rock mechanics parameters for the Chang 7 shale as proposed by Rickman and found the brittleness index was 11.9%~55.0% and averaged 39.31%. According to Rickman's theory, the lacustrine shale in the Yanchang Formation is brittle and favorable for SRV fracturing. 3.
The differential horizontal stress was 3.509 MPa for Chang 7, which is less than the 13.8 MPa proposed by Sondergeld, which indicates the shale rock benefits fracture network formation. The differential horizontal stress ratio was 0.133, which is much less than the 0.25 proposed by Beugelsdijk. Therefore, the fractures extend along natural cracks during fracturing. 4.
Based on fracturing operations in Chang 7 of Yanye Well X, we found the fracturing operation was consistent with the study results. Additionally, this test indicates that our study has practical significance for fracturing.
